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LOAIH IN ABRUPT ~ lTEH-DOWIV

By Melvin Sadoff and Lawrence A.

The total horizontal-tail load and the

III – TAIL

Clollmng

root bendin~nt
increments calculated by the use of existing ratiohal“procedures
are ccauparedwith experimental values obtained in pull-up push-down
maneuvers on a representative propellex4riven pursuit-type airplane
for six different ccmbinations of power, indicated airspeed, and
pressure altitude. The cmputed loads were determined for the
experimental elevator motions, and for two estimated linear design
motions. !I’hereis also presented a .ccmparisonbetween the cmputed
end the experimental load distributions. Briefly touched upon =?e
two abbreviated static methods for predicting the maximum up-loads
in pull-p push-down maneuvers.

The results showed that where the creputed load and bendi~
moment increments are determined from measured elevator motions,
the agreement with the experimental results is fairly good, thusP
indicating the validity of methods currently available for calcula-
ting maxhum maneuvering tail loads. It was also shown that if
possible errors in the aerodynamic parameters were accounted for,

* the agreement between the measured load and bendin~oment increments
and those computed frcm the estimated linear elevator motions, for
values of maximum airplane load factor approximately the same as
those measured, would be practically as good as that obtained using
the experimental.elevator motiuns. Results =e also included
showing that the predicticm of the maxhum maneuvering loads by tie
use of two less rigorous abbreviated procedures agreed satisfactorily
with the load increments measured. Cczaparisonof the calculated witi
the experimental load distributions showed that fairly good agreement
was obtained when the measured and cmnputed over-aU tail loads were
in close agre~nt. However, as ccmpared with experhnental results,
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an increase in loadlng was computed for the inboard
sections and a decrease in loading for the outboard
difference in loading would be equivalent to a root
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stabilizer
sections. The
bending moment

approximately 10 percent less th& the measured values when the over-
all loads were the same.

INTROEWTION

In recent years particular emyhasis has been placed on providing
a simplified rational method for predicting the maneuvering horizcntal—
tail loads associated with abrupt motions of the elevator. The methods
available in the past for camputing dynamic tail loads rationally were
too unwieldy to use in routine design analyses. Modifications of
these methods havebeen directed prhsrily toward simplifying and
shortening the necessary computations, and toward selection of a
longitudinal maneuver which wouldbe amenEibleto computation and
which would adequately define the critical loading conctl.tionon the
horizontal tall.

I!nreference 1, for example, general design charts in nondimensional
form are given by which the tail-load increment variation in abrupt
maneuvers may be determtied for any arbitrary elevator motion. SW–
larly, referenoe 2, which is a part of the tail-load design requirements
for the Amy, presents a simple tabular integration method for comput-
ingmaneuverfng tail loads resulting from abrupt linear variations
of elevator motion. In this method the time histories of these motions
are represented by a series of straight lines simulating a pull-p
push+iown maneuver for an unstable airplane where the maximum up-
elevator deflection is arbitrarily assumed twice the maximum down
value.

A check of the validity of the assumptions aqd mathematical
simplifications of references 1 and 2 is, of couzse~ desirable. This

is provided in the present investigationby ccmrpqringthe horizantal-
tail load increments measured in flight tith values computed for
maneuvers having elevator motions identioal to the experimental. The
computations of tall load for the purpose of this ccmrparlsonwere made
using only the method of reference 1, since it is mathematically similar
to that of reference 2, and a check of either method would establish
the valldity of the other. Furthermore, the graphical method of
refezwnce 1 is adaptable to the irregular or nonlinear elevator motions
that generalJy occur in flight, which is not the case for the method
of reference 2. Some results of comparisons of this type have slieady
been presented In reference 3.

Since designers must use estimated elevator motions h tail-load
computations, it Is also desirable to detezmine how closely horizontal-
tail-load values computed in lines.rizedpull-uppush+own maneuvers

—

w’
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of the t~e described in reference 2 compare with those measured in
PUI.lAUPpush+own maneuvers made %y a pilot in flight. Comparisons
are therefore made of the horizontal-tall-load increments measured
in flight and those computed by the method of reference 2. b these
comparisons the values of elevator deflection used in the ccmputatimns
were taken such that the ccmputed increments of maximum acceleration
were identical with those measured in the maneuvers for which the
comparisons were made. b setting up rates of elevator notion in
these computations, data presented in reference k were of consider-
a%le value.

Although the methods of references 1 and 2 for cmputing d.ynemfc

tail. loads are less untieldy than the unsimplified classical methods
available formerly, considerable computational time is still required
in their application. Z’herefore, information relative to mesms for
shortening the computations is believed of Interest. Two abbreviated
methods of tail—load computation, which result from modifications of”
the method of reference 2, are described, and comparisons are ma+s
of tail loads computed by these shortened methods with those measured.
The compsriscms are made on the basis of identical.increments of
acceleration.

Am additional ob~ective of this report is the Investigation of
the validity of methods currently used for predtctfng the maneuve~
ing load distributions over the horizontal tail, and information on
this sub$ect is presented.

The experimental ‘&il loads and
in this note were measured in abrupt
six different combinations of power,
altitude. The two previous notes in

tail-load distributions presented
pull-up push+own mneuvers for
indicated airspeed, and pressure
this series nave dealt with tail

w

8

m

s

b

F

loads in steady unaccelerated and steady accelerated flight (reference 5),
and tail loads in steady sideslips (reference 6).

sDfBoIs

airplane wei@t during test run, pounds

acceleration of gravity, feet per second per second
.-.—

airplane mass (W/g), slugs .-—

horizcmtal surface area, square feet

horizontal surface’span, feet ‘

wing mean aerodynamic chord, feet
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Ky

Iy

Xt

H

P

Po

hp

M.

v

P

q

Pll

P2

%

nt

M

Mr

Nt

local tail chord, feet

radius of gyration about Y%xis, feet

moment of inertia about Y-axis, slugs-feet squared

tail length (distance from airplane center of gravity
to one–third maxhnum chord point of tail), feet *

correct indicated airspeed

{1’03[r5+9°”286-?}> ‘“es ‘“r-how

free+trem total pressure

free-stream static pressure

standard atmospheric pressure at sea level

pressure altitude, feet

free-stream Mach number

true airspeed, feet per second

mass density of air, slugs per cubic foot

free-stream dynamic pressure, pounds per square foot

pressure on upper surface, pounds per square foot

pressure on”lower stiace, pounds per square foot

resultant pressure coefficient (P252u)/q

tail efficiency factor (q*/q)

pitching mmnent (stallingmoment positive),
foot-pounds

root bending moment (positive when tail tip is
deflected upward), foot=pounds

normal air load on horizontal tail (positive when
load is acting upward), pounds

—“
=

—
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cm

%

cMr

Cn

Clgt

AZ
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K

F

t

T

A

K1~,K2r,K#

&*ll,v,W

pitoh~ment coefficient (M/q~7

tail +noment coefficient due to effeotive csmber
(whJvli$t2)

tail root bending+mnent coefficient (Mr/@tbt)

section normal-force coefficient

tail normal-force ooeffloient (NiJqtqSiJ

the ratio of the net aerodynamic foroe along
the airplane Z-axis (positive when directed
upward) to the weight of the airplane

airplane lfit ooeffioient (WAZ/q~)

horizont&l surface angle of attack, radians

downwash engle, radians

elevator angle, radians (unless otherwise noted-)

sideslip angle (positive when right wing is
forward), degrees

angle of pitch, radians

pitohfng velocity (d8/dt), radiems per second

empirical damping factor denot~ ratio of damping
moment of complete airplane to damping moment of
tail alone

elevator stiok foroe, pounds

time, seconds

aerodpamic time t/(m/p&V)

this s~hol before any quantity other than a
subscript denotes the chenge in value of
quentity from the T = O

nondimensional constents occurring in basic
differential equation in reference 1

functions of the aerodynamic derivatives in the
basic differential equations ti reference 2
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.

*,$’ functions of’ d5e/dt and the aerodynamic
derivatives in the basio differential
equations in referenoe 2

..
e d%/dt2 or d%/dT2

Subscripts

a airplane

a-t airplane minus tail

w wing

&v average

e= experimental

talc calcnilated

max meximum value

bal for balance

man in maneuver

Me due to change in elevaton+angle Increments at
maximum acceleration, such as

..
e due to pitohing acceleration at -

lm3cRrFTIoIv OF AIRPLAm

The test airplane used was a single+ngine, pursuit+type, low-
wing monoplane vith a tractor propeller. Figures 1 and 2 are photo-
graphs of the airplane as instrumentedfor the flight tests; figure 3

.

—

-

—
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is a three-view draw= of the airplane. The pertinent geometric
and aerodynsmio characteristics~of the airplane - given in tables I
and.II, respectively. The aerodynamic characteristics were obtained
from the various sources listed in table 11.

INSTWJMWIATIOISMD PRECISION

A 60-ce~ pressue recorder was used to measure the resultant
pressures over the horizontal tail at the locations given In table III
and shown h figure 4. The precision tith which the yertinent qwmti–
ties were believed to be measured in the tests is indicated in the
following table:

I Item I Esthated accuracy

Normal acceleration

Elevator angle

Airspeed (to 200 mph)
(above 200 mph)

Altltuds

Tail load (steady,
unaccelerated flight)

(accelerated flight
in abrupt maneuvers)

+0.10 g

*0.500

*2* percent
*1* percent

*300 feet

*W poundE

*250 pounds

7

It should be noted that the estimated precision of the normal
acceleration end the tail loads in accelerated flight during abru@
mameuvers is less then that reported in references 5 and 6. This

reduction in the estimated accuracy of the measurements results from
—

the fact that In abrupt maneuvers the manometer records were more
clifficult to correlate at given ttie instants, end the effect of
pitching acceleration on the readings of the accelerometer, displaced
slightly aft of the center of gravitys was not accounted for. The
pressure-lag characteristics of typical horizon=-tail lines were
investigated and it was found that the lag was negligible for the
rates of pressure change encountered in this investigation. Other
instrumentation of the test airplane and the precisim of the
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measurements were the same as given in reference 5.

FLIGHT PROGRAM

Six abrupt yull-up push-down maneuvers were made at the flight
conditions listed in the following table:

t

RUIl via~

1 3!%
2 257
3 376
4 258
5 311

6 313

hpav &v

20250 o.6a
24750 .*
lolfjo ● 59

9500 .40
101W .49

$X39 .49

Power

Power setting ‘

Off, propeller in high pitch
On, rtil throttle and 3000 rpm
Off, propeller in high pitch
Off, propeller in high pitch
On, 39 in. Hg manifold pre.s–
suzw =d 2600 rpm

Off, propeller in high pitch

Estimated
brake

horsepower

40
1030
-130
-1.20

g20

-120

lEstimated from manufacturer’s engine power charts.

‘The maneuver was entered from steady straight flight by pulling
abruptly back on the elevator control, holding it fixed until the
speoifiedno-l acceleration was nearly reached, then pushing the
control abruptly forward to pitch the airplane out of the pull+zp.
It should be noted that the rates of elevator control motion used
were the fastest the pilot could apply consistent with the structural
limitations of the airplane. At speeds where the limit allowable
load factor could be exceeded, the rates of movement and -imum up-
elevator deflectlon were reduced. The measured rates of motion were,
In general, slightly less rapid than those indicated in reference 4.

lIE3CRIPTIOllOF THE METHOIX OF TUL&OAD coMFu’3!4TIolv

In all the methods of computation used It was assumed that:

1. The ohange in acceleration factor as a result of attitude
ohange is small as ccmpared with that due to a ohange in angle of
attack.

2. The

3. me
attack.

speed is constant during the maneuver.

aerodynamic parameters vary linearly with angle of’

.
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k. The effects of structural flexibilltymaybe neglected.

Graphical Method

This method, which is described in detail tn reference 1, uses
a graphical integration procedure to predict the motions of the
airplane following any arbitrary elevator control moment.

.-

The differential equaticm of motion for a unit elevator deflec–
tlon can be written as

where K1t, K=t, end &t are functions of the aerodynamic and
geometric characteristics of the airplane. Equation (1) is solved
for the unit solutions and the variations of ~ and ~ are
determined for the specified elevator motions by employing Duhamel’s
integral theorem. The increment h effective tail angle of attack
at any time during a maneuver, which Is related to ~ and &
by the equation,

< The tail-load increment is determined fran equation (2) by the
equation

mt=g#Qw’wt (3)

The load or acceleration factor
relation

increment Is obtained from the
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Tabular Method
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.—

This method, a detailed description of which is reported in
reference 29 is mathemdically similar to that given in refemmce 1.
It is, however, more convenient to use when linear elevator motions
are assumed. The general differential equations of motion used in
this case, for an elevator deflection proportional to the are

“& -a& +bLaw = V(t+v) (5)

where a, b, v, and
●

vfare functions of simplified aerodynamic
derivatives snd ~ and $-t are dependent on the rates of elevator
motion and on the derivatives. Equaticms (~) and (6) are solved for
the unit functions of ~, ~, &, 8, and ej and the variations
of these quantities are determined for specified or assumed linear
elevator motions by a corivenienttabular integrationprocedure. The
tncrement in equivalent tail angle of attack is obtained from the
equation,

(7)

It should be noted in the preceding equation that the tail length
xt is considered positive for conventional airplanes, while in
the method of reference 1 it is considered negative. The increment
in tail load is obtained from equation (7) by the use of equation (3).

The type of linear elevator moticm used @ the application of
this =thod to compute maximum maneuvering tail loads is shown in
figure 5. It Is noted that the motions, as specfiled in reference 2,
sate a pull=up push-down maneu~r. The rates of motion, as
indicated In the figure, were based for the most part on the data of
reference 2 amd reference 4. In contrast with the computations using
the graphical method where the elevator motion used was identical to
that measured in flight, the maximum up-elevator emgle was ad@ted
so that the max3mum expertiental value of ~ was Just reached in
the design maneuver. The comparisons here then are based upon common
or identical values of LA&< Motions with both a 0.2+!econd and

O.&second elevator reversal were hclu~~d,because, upon occasion,
the designer may be undecided as to the e~ct rate of reversal to
use. This being the case, and since the reversal rate is probably

“m

.

●

a

--
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the most important variable in establishing the linear motions, it
was believed to be of interest to know quantitatively the effect of
a change in the reversal rate on the calculated results.

Abbreviated Methods

Ih one of these methods the tabular integration method is used
to establish the elevato~gle increment N- corresponding to
the ~imum value of AAz in the mameuver for a 0.2-second reversal
of the elevator. The elevato~gle increment for balance at AA-
is determined frcm the equation

(8)

Assuming that the
M*, the load

maximum maneuvering tail-load increment oocurs at
increment is ccmpu~d from the equation

where m~~ is computed by the use of the equation given in
reference 5 for ML correspending to - h the maneuver.

(9)

A second abbreviated procedure was used in which the value of
an@ar pitching acceleration is detemnined at L!Ak by establfih-
ing the elevator motion with a O.2-second elevator reversal, as for
the previous method for the desired msxhum acceleration factor
increment, and by computing the pitching accelerations associated
with this elevator motion. The maximum maneuvering tail-load incremmt
@ agati assumed to occur at & so that

.

(lo)

where zSN@
!!?

is determined as before from the equation given in .
reference .

.—
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Experimental Data .

The experhental results including the histories of basic flight
variables, total tail-load and root bendin~cme-nt increments,
acceleratioz&actor and elevator-angle increments, and the load
distributions are presented in figures 6 to 9. Most of the da~
shown In figures 6(a) to 6(f) are used subsequently to compute the
tail-load Increment variations followlng specified elevator motions.

h figures 7(a) to 7(f) the experimental tail-load and root
bendin~oment increments are shown for the several runs. These
increments were determined by subtracting from the measured loads
and bending moments at any instant the balancing loads and moments
attimer=O. (See flg. 6.) The meas~ed elevato~gle and
accelerateon-factor increments (figs. 8(a) to 8(f)) were determined
in a similar manner. The e~erimental resultant pressure dlstributions
are shown In figures 9(a) to 9(f)). For purposes of ccmparism with
computed results these distributions correspond to the time in each
run when the calculated load increments based on the experimental
elevator motions are a maxtium. In this way differences in elevator
angles which would distort the cmnpari~cns of the load distributeons
were avoided.

Cmnputed Data

From the basic flight data presented in figure 6 and from the
aerodynamic and geometric c-acteristics of the tast airplane, the
calculated variations of tail-load and root bendin~mnent increments
(fig. 7) were determined. The root bendin&ncment increments were
determined by multiplying one-half the ccmputed tail-load increments
by the cal.culakd distance to the center of pressure which was assumed
at the centroid of area of one side of the tail. The computed or
assumsd variatIons of elevato~gle and acceleration-factor Increment
are shown h figure 8. The computed tail-load distributions shown h
figure 9 were detemnlned by the methods of references 7 and 8.

A summary of the experimental and the computed results is
presented In tables IV and V.

In the computations,Mach number effects on most of the aero-
. dynamic parameters were not included, since the load calculations

for the one test airplane of reference 3 which attained a Mach
number of 0.61 showed no appreciable compressibilityeffects on the
ccmrputedload increments. In the present investigation only run 1
was made at a higher Mach znmiber (M = 0.68).



NK!JITN No. 1539 13 —

.

DISCUSSION

As previously pointed out, the measured and computed results
are compared eIther upon the basis of identical elevator motions
or approximately the same values of maximum normal accelebration.

—

b the former case, the purpose of the cczuparisonis to provide a
check on the validity of the methods currently available for
predicting maximum maneuvering tail lr’mdsfrom lmown or prescribed
elevator motions. b the latter, the reason for the comparison is to
detenuine the extent to which tail loads computed by use of estimated
linear elevator motions or abbreviated methods, agree with tail loads
measured in abrupt pull=u~ push~own maneu~rs as made by a pilot
in flight.

Comparisons Made to Check Validity of Rigorous
Methods of Cmuputation

In general, as seen in figure 7 and table IV(A), the results
of cczaparisonsmade on the basis of identical elevator motions show
that relatively good agreement is obtained between the maximum
measured and computed tail-lead incremmts. The comparisons also
show, however, that where the basic assumption of the methods of

.-

creputation are viokted, agreement between computed and measured
values may not be good. For example, in run 2, where the lift
coefficient reached a value of nearly 1.2 at a Mach number of O.~
the lack of close agreement Is attributed to the fact that the ai~
plane was stalled at this moderate kch number; consequently, the
basic assumption that the aerodynamic parameters vexied linearly
with angle of attack yas not valid for this rum. For the same
reason lack of agreement might be expected in run 4 in which a lift
coefficient of 1.4 was reached at a I&oh number of about 0.41. h
run 5, however, in which a lift coefficient of about 1.2 was reached
at a lower Mach number than that reached in run 2, namely 0.49, the
agreement between ccmputed and measured values was good. The results
presented in table IV(A) show that the maximum ccmpzted up-load
increments deviate from the expertien%l results an average of U.4
percent for five of the six runs investigated. (Run 2 was not
included in the average deviation because of the stalled condition.)

lhe agreement shown in figure 8 between the maximum experimental
and the maximum computed wing-load or ac celeration-factor increments
is not as satisfactory as was the case for the tail-load increments.
It is believed that part of the discrepancy can be attributed to
possible errors in certain aerodynamic paremeters used in the calcti-
tion, in particular the airplane lift-curve slope. This possibility
is inticated by the fact that, while a value of (~L/~)a of 4.U
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was used in the cmnputations for the present investigation,unpublished
dEta (which were not available at the time most of the computations
for this report were made) fram the Ames l&foot high-speed wind
tunnel indicated a value of 4.80 at a Mach number of 0.40. Calcula-
tions showed that while this clifference in (dOL/ti)a hd little
effect on the tail-load increments, it had em appreciable effect on
the values of the computed acceleration-factor increments. The use
of the Ames 16-fOot wind-tunnel value of (dCL/da)a wotid have,
reduced the average &lscrepancy between cwnputed and actual values
of AA= from about 20 to about 15 percent. It is importsnt to
note that, while the change in (dC’L/da)adld not affect the tafl-

load increments appreciably, it would have a large effect in cases
where the elevator motions are varied to produce specified values
of Mkm This distinction is Illustrated further in a later

section of this report. .

These results are in general agreement with those presented in
reference 3 which showed, in a ma$ority of the comparisons, that the
maximum mmputed wln& and tail-load increments for several ahplsmes
,agreedquite well with the measured values. Where poor agreement-was
obtained, the trouble was traced either to poor quantitative knowledge
of the value of certain aero@namic parameters or to violations of tie
assumpticm upon which the methods of computation SZ% based.

It appears, then, that methods currently availziblefor predict-
ing maximum maneuvering tall loads from prescribed elevatcw tioti.cns
are valid and can be used with assurance, provided the aerodynamic
parameters are accurately knuwn. It should be re~ognlzed that these
methods would not be valid for predicting tail loada in maneuvers
where the basic assumptions common to these methods were not applicable.

Comparisons hde to Check Validity of Using
Estimated Linear Elevator Motions

This type of cmuparlson is made to permit an over-all apprecla–
t?mn of the accuracy with which maneuvering tail loads may be expected
to be computed for given values of load factor. Ccauparisms are reads
between loads measured and t40se computed in pull-up push40m maneu-
vers in which the elevator motions are assumed to be lineer (method of
reference 2).

As is shown in table IV(A), where comparisons are made on the
basis of the ssme values of AA&, the maximum tail-load increments

computed using estimated linear elevator motions with O.2*econd and
O.&second reversal deviate frm the experimental results an average
of 41.3 and 21.4 percent, respectively.

—

*. –

.
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It appears that the use of estimated linear elevator mothns
consistent with the experimental values of AA*, instead of
the actual motions produoed increases in the average deviations of
29.9 and 10.0 percen~ respectively, for the aesumed elevator motions
with 0.2~econd and O.&econd reversals. Analysis indicaks, how-
ever, that most of the increased deviations are traceable to possible
errors in some of the aerodynamic parameters.

Since, for &sign purposes, the fastest possible rate of reversal
would generally be used for predicting max- maneuvering tail loads,
subsequent discussion will be confined to analysis of the results
computed using the linear elevator motions with a 0.2-seomd reversal.

. (- was previously noted, the linear motion with O.&-second reversal,
was included to show the effect of a change in the reversal rate on
the computed results.)

To illustrate the effects of incansistencles or errors in the
aerodynamic parameters consider, for emmple, the effect of a
possible error in (dCL/b)a disoussed initially in the previous
seotion, where cmnparisons were based on identical elevator motions.
It can be shown that for a constant value of -, an increase in
(dCL/ti)a from k.12 to k.8o (as indicated.by Ames 16-foot wind–
tunnel tests) would reduoe the average deviation of the ccmputed tail
laads frcm the measured results from 41.3 to 23.3 percent. This WELS
based on computations which were repeated ,for one run using a value
of 4.80 for the airplane lift+urve, sloye. It c= be **er sho~

.-

that a small additional error was introduced into the tail-load
computaticms because the values of (dCm/ti)a-t ~d (dk/ti)a

obtained from two equally valid souroes were not determined with
sufficient accuraoy to permit a perfect oheck of one value with the
other. Results of a large nmber of studies presented in referenoe 2
show that, depending on whether ~ or tie ele~tor ~ti~ is
held constant, the maximum maneuvering tail load will increase
either about 2 or 5 percent, respectively, for a 2-percent (the de~ee
of inconsistency in (ti/-)a obtiined fr~ we *o so-es) move-
ment aft of the airplane center of gravity. Thus, it can be shown
that the use of a ccmsistent value of (@/@) a ~ me present
case would further reduce the difference between the average computed
load deviations using the measured and the esttmated linesr elevator
motions. ~ the vslue given in reference 5 is ass-d correct, the
average deviati~ of the ccmputed results (using linear elevator
motions) from the measued bad increments would be reduced from
23.3 to 21.3 percent. Assuming that the value of (~/~)a given
in reference 9 is correct, the average deviation frcm the experimental
load incre~nts of me ~lues c~puted ~ing the e~erimental.
elevator motions would be increased from 1.1.4to 16.4 percent. From
the foregoing, it appears that the difference between the average
c~puted l~d ~viati~ ua~ We est~& d line= ad the measured
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.

elevator motions can be reduced fram 29.9 to either 9.9 or 6.9
peroent by accounting for possible errors or inconsistencies in the
valuea of (~L/@a and (dC@u)a.

b

Analysis of the present results indicates, then, that the
estimated linear elevator motions with a 0.2~econd reversal are
practically as satisfactory as the actual elevator motions for computi
ingmaximmn maneuve~ing tail loads in abrupt pull-up push-down
maneuvers.

Compariscms Made to Check Validity of Abbreviated
Methods of Prediction

-.

Comparison is made in table V(A) between the maximum experimental
tail-load increments and the maximum values computed by the two
abbreviated metiods previously described. Although not as rigorous
as the more complete graphical and tabular methods, they gave results
which are considered fairly satisfactory. Average deviations between
the measured values and those computed using ~tb~ + l?t~e and

m~a~ + Nt; were 14..3and 22.4 percent, respectively.

It should be noted that the compu~tions could be further short-
ened by estimation of the maneuvering elevator angle at AAti and

and the pitching acceleration at AA*. As a first approximation,

Abm at AA& was assumed one-half the elevator-angle increment

required for balance. For the test airplane, this resulted in computed
tail loads which predicted the actual within an average of 13 percent

.

for the six runs. For the special case where the center of gravity
is located at the position for neutral stick-fixed stability, the .
aforementioned methcd would be invalidated, since ‘iebal would be #

zero and the maneuvering load so canputed would be equal to the
balancing load. Similarly, an assumption of a ccmmmn pitching accel–
eration at Z ofkradians persecond squared forthesfxms.
resulted in an average deviation of the computed from the measured
load increments of about 20 percent. Caution should be exercised in
generalizing these results, however, since possible errors in the aero–
eic parameters used (as indicated by previous discussion) would
change the average deviations significantly. These changes would be
of the order of about,-5 percent to 20 percent for the extreme cases.

Although these hesults csmnot be conclusively considered
representative (since they were obtained on only one airplane) they
may indicate the accuracy to be expected of the methods if they are
used to compute design maneuver loads fm any airplane of the same
gefieralconfiguration as that of the test airplane. The results

.

.

.
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obtained on the test airplane are considered sufficiently accurate
for preltiinary design estimates. .-

Effects of Speed on Load Comparisons

A comparison between the ccmpuied and the expertiental limit
maneuvertig and balancing tail loads is included as figure 10 for a
range of indicated airspeed to show where maxtium maneuvering loads
may be encountered, and to indicate the relative ma~itude of the
balancing and maneuvering loads as measured and as computed. It
should be noted that the ccmputed maneuvering loads were obtained
using values of 4.I-2and -O.I-24for the airplane lift+urve and
mcmentiurve’ slopes, respectively. It was indicated previously
that better agreement with the measured results would have been
obtained if a good quantitative knowledge was had of these two
pertinent aerodynamic parameters. The balancing loads for the limit
load factor of 7.33 end for zero load factor were obtained from the
data of reference 5. The computed and e~erimental maneuvering tail–
load variations for the load factor of 7.33 were obtained by fairing
through the tidividual load increments reduced to a ccmmn A&-
of 7.33 and adding to the resulting curves the corresponding balancing
loads at Az = O. The individual data points are included to show the
relative mount of scatter, which is considerable in the case of the
measured loads and the loads computed using the measured elevator
motions. This scatter results, of course, frcm variations in the
severity of the experimental elevator motions used. In accord with
the data of reference 2, the maneuvering loads ccmrputedby the
several methods decrease from the nei@borhood of the upper left-
hand corner of the V-g diagram from about 15 to 25 percent over the
airspeed range covered. The tiasured loads increase up to about 300
miles per hour, then fall off quite rapidly at hi@er speeds.

Comparisons Between M5asured and Computed Root
Bendin@fonwnt Increments

A ccmqmrison between the msximum experinwntal and the maximum
calculated tail bendi~oment increments based on the masured and
the computed elevator motions is made in table IV@). It is shown
that if the e~rimntal elevator functions me known, the average
deviation of tie cquted bendi~oment incremnts from the masured
results if 7.1 percent compared to 11.4 percent for tail loads. The

—

msximum bendin&mommt incre~nts, based on the line= elevator
motions with reversal occurring in 0.2 second and 0.4 second adJusted--
to give values of AA

t
identical with those msasured, deviate an

average of 28.3 and 1 .2 percent, respectively, from the experimental
—

values; whereas the corresponding tail-load deviations were 41.3 and
21.4 percent.
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The maximum root bencling+nomentincrements calculated by the use
of the two shortened procedures are ccmpared tith the experimental
results in table V(B). The bendin~cment increments based.on the
ccmputed elevator-angle change at &lti deviate am average of 9.3
percent from the measured values, while those based on the calculated
value of pitching acceleratem at - are in error am average
of 13.2 percent.

It will be noted frmu the above compnisons that the cczuputed
bendin&mment increments are generally less conservative than the
computed load increments. This results from the fact that the
computed lateral distance to the center of pressure Is inboard of
the measured values. Figure 11 presents the experimental and cal–
culated distances to the center of pressme as a function of tail
normal-force c06rficient C~t. As prev!ously noted, the computed
value was assumed to be located at the centroid of area of one side
of the tail. It should be noted from figure 11 that the experimental
value appears to move slightly inboard with an increase in CNt.
Furthermore, the camputed distance to the
inboard of the measured values an average

Evaluation of Methods for Predicting

The previous sections of this report
tion of several methods for computing the

center of pressure is
of ahout 10 percent.

Load Distributions

have deeil.twith the evalua-
maximum horizontal-tail

loads and root bending-mament ~crem–nts in abrupt maneuvers. E.aving
ascertained the accuracy with which the ove?+all loads and bending
moments wwre determined, It seems desirable to detezmine how closely
the calculated load distributions compare with tie experimental dis-
tributions. This was done by distributing the maxinnm computed ovex
all loads based on the experimental elevator motions over the tail
spem by assmnfng unit span loads proportional to the tail chord.
The methods of references 7 and 8 were used to distribute the unit
span loads over the tall chord, and the resulting distributionswere
compared with the experimental results at the same t-. This was
done so that the elevator sngl.eswould be the same for the computed
and measured distributions.

The ccomparisonsshown in fIgure 9 indicate, in general, fairly
good agreement at the midspan stations. At the sparwlse stations
adJacent to the fuselage and tip, however, the computed chordwise
load distributions generally show higher peaks near the stabilizer
leading edge for the former, and lower peak loads for t$e latter
stations, as ccmq?aredwith the experimental results. One possible
reason for this is the effect of the fuselage in causing a reduction
of load at the inbcard tail stations.. For a given load, the resulting
outward shift of the center of press- would cause some of the
discrepanciesbetween the calculated end e~erimental dlstiibutions.
The agreement shown between the computid and measured span loading

.

.

—
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.

curves is considered fairly good, althou@ it is evident that the
computed total loads for run 2 and run 4 are considerably higher. than the actual values. Better ~eement was not obtained because
present design practice incorrectly assumes that the unit span
loads are proportimal to the tail chord.

.

CONCLUSIONS

Comparisons have been made between the hwizontal-tail loading
obtainsd in six pull-up pus&down maxieuversin flight on a repre-
sentative pursuit-typ airplane and the computed tail loading based
on several rational procedures. On the basis of these comparisons
it was concluded that for airplanes of the S- general configura-
tion as the test airplane:

1. Methods cumently available for predicting mxhum mne~
vering tail loads from prescribed elevator motions sre valid and can

be wed ~~ assur~e ~ pr~fded the mr~c paramters are
accurately known.

2. Ccmqnatationeof tail lo&d based on linear elevat~ motion
in a pull-up pus&iown maneuver with a 0.2-second elevator reversal
may be e~cted to give very nearly the same values of maneuvering
tail load as those that would be neasured in actual pull-up puE&
down mneuvers at identical values of e, provided aerodynamic
parameters used in the computations are accurate.

3- The maximumtail-load incremmts computed by the use of the
two abbreviated mthods will be in fairly good agree~nt with actual
values and would, in general, be sufficiently accurate for pre-
liminary design studies.

4. Far a given maximum maneuvering tail load, the maximum
ccmputed root bending momnt will be approximately 10 percent less
than the value that would be obtained in flight, as the computed
distance to the center of pressure would be about 10 percent inboard
of the actual value.

5. me computed chordwise and spanwise tail-load distributions
will be in fairly good agreemnt with actual values, provided the
computed values of ove~ loads sze in close agreement with actual
values. Better agreemmt would be eqected if, in distributing the
load slong the span, the effects of the fuselage were considered in
addition to the variation of tail chord.

Ams Aerouut ical Laboratory, .
Nationsl Advisory Committee for Aeronautics,

Moffett Field, Calif.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF
TEST AIRPLANE

ross wing area (~), sq ft

Gross horizontal-tail ties (St> sq ft

Tail inoidenoe, with referenoe to thrust axis, deg

Average airplane tiight during test m (W)S lb

Iksign gross weight

wing span (bw),ft

orizontal-tail span (bt), ft

oment of tiertia of airplane (Iy), slug-ft2

Mass of airplane (m), slugs

Radius of ~aticm of airplane (Ky), ft

Tail length (~), ft

Mean aerodynamic ohord (6)s fb

Center-of-gravi@ loeation8 peroent 5

Value

213.22

40.99

2.25

7600

7406

34*O

13.0

6380

236

5.2

i15.o

6.72

30.3

.

.

.
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TABIE II.- AmmmMIo CRARACTER13TICS cm’m?! JccFimm

slope of taiLplane lift Cnrva (ao~@# , radian

DownwaF3h faotor (dG/~)

Value

4.12

3.9

0.49

1.00

1.10

1.25

1.M

0.532

0.531

-o.124

-0.830

0.56

Scuroe

Langley full-male

tUllM~ toBtC

Reference10

Referencea11
and 1.2

ABcuma

Reference1

Reference2

Reference10

Reference13

Reference5

Referenoe9

Unwblished data
on file at lab-
oratory

Reference10

NATIONAL ADWUIY

COMHITTEE FM MKwJJTCS
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